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Stress two-dimensional echocardiographic studies were performed 
in 18 patients with angina, a positive exercise test and normal 
findings on coronary angiography (syndrome X). Rest and imme-
diate posttreadmill exercise two-dimensional echocardiograms 
were performed with a digitized cine loop and side by side visual 
analysis in all patients. In 16 of these patients, right atrial pacing 
up to 160 beats/min was also performed and percent systolic wall 
thickening was calculated at five equally spaced segments around 
the left ventricle, each corresponding to an anterior, lateral and 
inferior wall and the posterior and the anterior ventricular 
septum. Measurements of percent systolic wall thickening were 
established in 10 age- and gender-matched normal persons for 
comparison. 
ST segment depression occurred in all patients during exercise 
and persisted for 42.1 s (range 18 to 75) into the recovery period. 
Immediate postexercise echocardiography was started within 
20.1 ± 5.4 s and completed in 54.1 ± 11.3 s. No patient had 
The enigma of patients with syndrome X-normal coronary 
arteries but exertional angina pectoris and a positive exer-
cise test indistinguishable from those of patients with ath-
erosclerotic disease-is well recognized (1-8). Several in-
vestigators (9, 1 0) using radionuclide techniques have 
suggested that 20% to 50% of patients with syndrome X have 
myocardial abnormalities such as abnormal coronary blood 
flow reserve, reduced ejection fraction and regional wall 
motion abnormalities during stress (9-12). The criteria for 
patient selection, however, differ among these studies, per-
haps explaining the variability of their results. The presence 
and the characteristics of these abnormalities therefore 
remain unclear. 
Experimental studies (13-16) have demonstrated that 
regional wall motion abnormalities are sensitive markers of 
myocardial ischemia secondary to coronary artery occlu-
sion. In patients with coronary artery disease, these wall 
motion abnormalities can be assessed with two-dimensional 
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regional wall motion abnormalities seen on two-dimensional im-
aging of any myocardial segment. Thirteen patients (72%) re-
ported reproduction of their usual chest pain, which led to 
termination of the test. During rapid right atrial pacing, nine 
patients (56%) developed ST segment depression that was associ-
ated with angina in seven. In all 16 patients, percent systolic wall 
thickening increased over values at rest in each myocardial 
segment. Percent systolic wall thickening averaged 47.1 ± 6.1% at 
rest and increased to 74 ± 8% during right atrial pacing (p < 
0.001). 
Thus, patients with syndrome X have normal systolic function 
at rest and immediately after exercise, despite electrocardio-
graphic ST segment depression resembling that during ischemia 
and effort-related angina that are clinically indistinguishable from 
those of patients with atherosclerotic coronary artery disease. 
(JAm Coli Cardio/1991;18:1463-70) 
echocardiography at rest (17-21) and during exercise (22-
25). In patients with syndrome X, Picano et al. (26) used 
echocardiography during dipyridamole infusion to assess 
ventricular function and found no left ventricular wall mo-
tion abnormalities. However, dipyridamole may provide an 
insufficient stimulus to induce such abnormalities (27). 
In this study, we performed digital echocardiography 
immediately after treadmill exercise and during rapid right 
atrial pacing in a homogeneous group of patients with 
syndrome X. Our aim was to ascertain the presence or 
absence of wall motion abnormalities in these patients at a 
time when electrocardiographic (ECG) evidence of myocar-
dial ischemia would be present. 
Methods 
Study patients. Eighteen patients (16 women and 2 men), 
aged 43 to 60 years (mean 48.2 ± 5.5), were studied. All had 
effort -related angina, a positive exercise test (> 1-mm planar 
or downsloping ST segment depression 80 ms after the J 
point) and normal findings on coronary angiography. Pa-
tients with systemic hypertension, diabetes or valvular heart 
disease, including mitral valve prolapse, were excluded from 
the study. All patients had normal findings on ECG and 
echocardiographic studies at rest. 
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After withdrawal of all cardioactive drugs (nitrates, beta-
adrenergic blocking agents, calcium channel antagonists) for 
2: 1 week, patients underwent ergonovine and hyperventila-
tion testing under continuous ECG monitoring. All findings 
were negative. 
The echocardiographic results at rest were compared 
with those obtained from the 10 age- and gender-matched 
normal persons who constituted our control group. These 
were nine women and one man, ranging in age from 39 to 56 
years (mean 44.7 ± 5.8). 
Exercise echocardiography. Two-dimensional echocar-
diography was performed first with the patient in the supine 
position at rest and immediately after upright treadmill 
exercise testing using the modified Bruce protocol. Paraster-
nal long- and short-axis views as well as apical four- and 
two-chamber views were obtained with commercially avail-
able echocardiographic equipment (Hewlett-Packard model 
77020, Toshiba SSH 160A) and recorded on videotape for 
subsequent analysis. 
Right atrial pacing. This was performed in 16 (89%) of 
the original 18 patients. A temporary pacing electrode was 
positioned in the right atrial appendage through the right 
femoral vein under fluoroscopic guidance. An initial bolus 
injection of atropine (0.6 mg intravenously) was adminis-
tered to prevent the development of atrioventricular block. 
Incremental pacing was then performed from 80 to 160 
beats/min in steps of 20 beats/min. Serial cross-sectional 
echocardiographic recordings of the left ventricle were ob-
tained continuously throughout pacing at the mid-papillary 
muscle level. All images were recorded on videotape for 
subsequent analysis. The test was discontinued when the 
maximal heart rate was achieved or severe chest pain 
occurred. 
Because of the technical difficulty in determining the 
isoelectric point on the ECG during pacing, ST segment 
depression >0.1 m V in any lead was taken to be significant 
if it occurred during interruption of pacing or during the 
immediate postpacing period. 
Analysis of the echocardiographic images. Two-dimen-
sional echocardiographic recordings were prepared in a 
continuous loop format and analyzed with use of an off-line 
computer analyzer (CAD 886, Microsonics Inc.) (27,28) by a 
single physician expert in echocardiography who was un-
aware of the patients' identity, the clinical data and exercise 
results. With this system, selected video images can be 
converted into digital format and stored on floppy disk for 
further analysis. Each loop commenced with the R wave on 
the ECG and images were acquired every 50 ms. 
Exercise echocardiography. The digitized images in the 
four standard projections were retrieved and analyzed semi-
quantitatively. A previous report from our laboratory (27) 
noted only minimal interobserver variability in the echocar-
diographic wall motion analyses of 26 patients with dipyrid-
amole-induced wall motion abnormalities. 
Parasternal long- and short-axis and apical four- and 
two-chamber views were digitized to allow display of a 
Anterior~ ~ + 2 1 2 :10 R L 8 
Posterior 6 5 6 
4 
Wall motion abnormalities detection 
Segment Rest Post-stress 
Basal Middle Basal Middle 
Anterior IVS 1. 2. 1. 2. 
Latera 3. 4. 3. 4. 
Inferior 5. 6. 5. 6. 
Post.IVS 7. 8. 7. 8. 
Ant. Free Wall 9. 10. 9. 10. 
Aoex 11. 11. 
Score: Normokinetic • ·1 Hypokinetic - 2 Akinetic • 3 
Dyskinetic - 4 
Figure 1. Segmental division of the left ventricle used in our 
institution for regional wall motion analysis. A and Ant. = anterior; 
lnf = inferior; IVS = interventricular septum; L = left; P and 
Post. = posterior; R = right; Sup = superior. 
continuous loop based on a selected single cardiac cycle 
within the initial 60 s of the recovery period. These images 
were displayed in a quad screen format with each of the four 
standard echocardiographic views displayed as a pair, with 
the appropriate rest and postexercise images side by side. 
The left ventricle was divided into 11 segments (Fig. 1); 1 
segment for the apex and 2 each (middle and proximal third) 
for the anterior, lateral and inferior walls and anterior and 
inferior septum. This subdivision permitted the evaluation of 
the entire left ventricle with respect to the coronary artery 
anatomy, keeping segments of adequate size for optimal 
analysis. Wall motion was graded in a semiquantitative 
fashion with an 11-segment model and a wall motion score 
was derived as follows: l = normokinetic (> 3 mm endocar-
dial excursion), 2 = hypokinetic (l to 3 mm endocardial 
excursion), 3 = akinetic (no endocardial excursion) and 4 = 
dyskinetic (akinetic with systolic expansion). A wall motion 
score index was generated for the entire left ventricle by 
averaging the individual scores for the segments graded. An 
abnormal result for regional wall motion abnormalities was 
defined as an increase from rest to immediately after exer-
cise of at least one grade for any of the ll segments 
analyzed. Although the normal response to exercise would 
produce myocardial hyperkinesia, the latter was graded as 
normal so that the wall motion index appropriately depicted 
only the abnormal segments and not the ability of normal 
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Table 1. Intraobserver Variability in Percent Systolic Wall Thickness Measurements in 10 Normal 
Control Subjects 
Anterior Lateral Inferior Posterior Anterior 
Wall Wall Wall Septum Septum 
Absolute difference 4.6 ± 12.7 3.7 ± 14.7 0.8 ± 14.3 2.4 ± 7.3 7.8 ± 9.4 
Percent difference 5.9 ± 42.3 1.2 ± 43.5 2.7 ± 32.7 7.3 ± 17.6 16.7 ± 22.8 
Data are reported as mean values ± SD. 
segments to compensate. A normal wall motion index was 
equal to 1 and any value > 1 at any one moment implied a 
regional wall motion abnormality. An echocardiographic 
study was considered adequate when all 11 segments could 
be analyzed. 
Right atrial pacing. Analysis of right atrial pacing tests 
was performed by using the same equipment but in a 
different format. Because echocardiographic imaging was 
continuous throughout the various pacing increments, a 
single cross section of the left ventricle was selected at the 
mid-papillary muscle level for monitoring regional myocar-
dial contraction. For this, the cross-sectional area of the left 
ventricle was divided into five equally spaced segments, 
each corresponding to the anterior, lateral and inferior walls 
and the posterior and anterior ventricular septum (Fig. 1). At 
maximal pacing, the first beat immediately after pacing was 
digitized. Endocardial and epicardial areas at end-diastole 
and end-systole were drawn, excluding the papillary mus-
cles, on the computer video by using an electronic cursor at 
the echocardiographic leading edge. This resulted in a com-
puterized averaging of wall thickness for each of the five 
segments throughout the cardiac cycle. Systolic wall thick-
ening (WT) for each segment was measured as an index of 
the contractile function of the left ventricle. This was calcu-
lated as the difference between end-systolic (WTs) and 
end-diastolic (WTd) wall thickness divided by the wall 
thickness at end-diastole: 
WT = WTs - WTd/WTd x 100. 
For comparison, percent systolic wall thickening was also 
measured in the 10 normal subjects for each of the five 
myocardial segments at rest. 
Statistical analysis. All values are expressed as mean 
values± 1 SD. Summed segment scores obtained before and 
after the stress echocardiographic examination were com-
pared by a paired t test. Differences were considered signif-
icant at p < 0.05. Intraobserver variability of the measure-
ments was assessed during rest conditions in the 10 normal 
subjects by repeating the measurements of the original 
echocardiographic study 3 to 5 days later. 
Results 
Reproducibility. Intraobserver variability for calculating 
percent systolic wall thickening was least for the anterior 
septum, in which the percent difference between the two 
measurements was 16.7% (Table 1). There was no significant 
difference in average total left ventricular systolic wall 
thickening between the two measurements in the normal 
persons (Table 2) or between values in the normal group and 
patients with syndrome X at rest. However, patients with 
syndrome X tended to have a more vigorous contraction 
overall, perhaps because of the higher heart rate at rest 
compared with that of the normal subjects (p < 0.01). 
Exercise testing (Table 3). The average exercise duration 
in the 18 patients was 11.3 ± 2.5 min (range 6.9 to 15.2). In 
all patients, there were ECG changes suggestive of myocar-
dial ischemia, but there was reproduction of their original 
pain leading to discontinuation of the test in only 13 patients 
(72%). In the remaining five patients, the test was terminated 
because of exhaustion. The average maximal heart rate 
achieved was 150.6 ± 18.2 beats/min (range 122 to 183). 
Electrocardiographic ST segment changes lasted from 18 to 
75 s (mean 42.1 ± 16.3) into the recovery period. 
The first echocardiographic image after termination of 
the treadmill test was obtained within the initial 30 s of the 
recovery period (mean 20.6 ± 5.8) and all images were 
acquired within an average time of 54.1 ± 11.3 s (Table 3). In 
two patients, the first echocardiographic images were ob-
tained just after normalization of the ST segment. In the 
remaining 16 patients (89%), the echocardiographic images 
were obtained while the ST segment was still depressed; in 
5, all images were completed before the ECG changes were 
Table 2. Percent Systolic Wall Thickening Measurements in the 
Normal Control Group on Two Separate Occasions 
Subject Age Heart Rate WThA WTh B 
No. (yr) (beats/min) (%) (%) 
I 42 86 47 ± 8.4 49 ± 5.5 
2 40 65 33.9 ± 11.4 41.8 ± 15 
3 45 58 34.5 ± 18.3 35.6 ± 19.3 
4 56 61 27.7 ± 13.3 29.1 ± 13.3 
5 39 69 30.6 ± 12.8 41.4 ± 10.2 
6 45 65 37.3 ± 11.5 33.2 ± 11.9 
7 40 63 44.3 ± 8 43.3 ± 10.9 
8 52 68 33.1 ± 28 44.8 ± 29.7 
9 48 59 36.7 ± 17.2 42.8 ± 13.7 
10 40 75 52.8 ± 18.7 54.7 ± 5 
Mean 44.7 66.9 37.7* 41.6* 
SD 5.8 8.4 7.6* 7.6* 
*p = NS. WTh A and B = percent systolic wall thickening measurements 
on two separate occasions (mean ± SD). 
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Table 3. Results of Exercise Test and Immediate Postexercise Echocardiography in 18 Patients 
With Syndrome X 
Peak Exercise 
Pt 
No. 
Time HR Max ST ! 
(min) (beats/min) METs (mm) 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
10.3 
8.8 
10 
9.5 
12 
10.3 
6.9 
14.5 
14.1 
15.2 
13.2 
10.3 
11.2 
8.8 
7.9 
14.6 
12.9 
13.1 
Mean 11.3 
SD 2.5 
165 
128 
122 
136 
143 
124 
130 
158 
175 
183 
162 
148 
158 
146 
139 
169 
162 
163 
150.6 
18.2 
7 
7 
8 
8 
II 
7 
6 
II 
10 
10 
II 
7 
8 
7 
7 
10 
II 
8 
8.55 
1.8 
1.2 
1.1 
2.4 
2 
1.6 
1.7 
1.3 
1.8 
1.4 
1.6 
1.3 
1.4 
1.3 
1.5 
1.4 
1.3 
2.4 
1.5 
0.4 
Recovery 
Time for ST ! to 
Lead Pain Normalize (s) 
V5 Yes 
V5 Yes 
aVF No 
V5 Yes 
V6 Yes 
Vs No 
V5 Yes 
V6 Yes 
V5 Yes 
V4 Yes 
V5 Yes 
V5 No 
V5 No 
V5 Yes 
aVF Yes 
Vs No 
V5 Yes 
V5 Yes 
25 
30 
38 
18 
42 
34 
51 
58 
46 
67 
31 
25 
64 
32 
26 
43 
53 
75 
42.1 
16.3 
Echocardiography 
Start Finish 
(s) (s) 
30 
26 
18 
22 
21 
15 
28 
14 
29 
19 
22 
20 
20 
II 
13 
29 
16 
18 
20.6 
5.8 
75 
61 
55 
66 
45 
50 
69 
48 
76 
56 
51 
40 
55 
42 
38 
46 
48 
53 
54.1 
11.3 
HR = heart rate; Max = maximal; Pt = patient; ST! = ST segment depression. 
normalized. Digital analysis of myocardial contraction failed 
to detect any regional or diffuse wall motion abnormalities. 
The total wall motion index was scored as 1 in all patients. 
Atrial pacing (Table 4). Nine (56%) of the 16 patients 
developed significant ST segment depression during right 
atrial pacing and 7 of these also developed chest pain. Of the 
remaining seven patients (44%) with no significant ST seg-
ment changes, four developed angina leading to discontinu-
ation of the test; three others remained entirely asympto-
matic. 
Quantitative analysis of systolic wall thickening during 
right atrial pacing failed to demonstrate regional wall motion 
abnormalities in any patient with syndrome X. In all pa-
tients, there was a significant increase in systolic wall 
Table 4. Right Atrial Pacing in 16 Patients With Syndrome X 
Pt 
No. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
Mean 
SD 
HR 
(beats/min) 
85 
96 
92 
84 
93 
96 
78 
83 
77 
90 
102 
92 
76 
83 
80 
85 
87 
7.7 
Max HR 
(beats/min) 
140 
120 
140 
140 
160 
120 
140 
140 
140 
160 
140 
120 
160 
140 
160 
160 
142.5 
14.4 
*p < 0.01. Abbreviations as in Tables 2 and 3. 
Max ST! 
(mm) 
0.8 
1.5 
1.2 
1.6 
1.4 
1.4 
1.4 
0 
1.6 
1.4 
0.8 
0.6 
0.2 
1.8 
0.8 
0 
1.03 
0.59 
Pain 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
No 
%WTh 
Rest Pacing 
42 ± 10 
42 ± 10 
51 ± 15 
43 ± 15 
40 ± 9 
43 ± 13 
41 ± 32 
43 ± 12 
51± 18 
43 ± 8 
60 ± 7 
50± 18 
52± 19 
58± 28 
45 ± 17 
49 ± 15 
47.1* 
6.1* 
65 ± 22 
57± 14 
68 ± 12 
81 ±II 
79 ± 17 
69 ± 20 
76 ± 40 
73 ± 31 
70 ± 25 
71 ± 22 
79 ± 14 
78 ± 9 
85 ± 38 
80 ± 32 
66 ± 19 
89 ± 35 
74* 
8* 
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Figure 2. Percent systolic wall thickening at rest and during rapid 
atrial pacing in 18 patients with syndrome X (p < 0.01). 
thickening in each segment compared with the rest values 
(Fig. 2). The average percent systolic wall thickening at rest 
was 47.1 ± 6.1%, increasing to 74 ± 8% with maximal 
pacmg. 
A segmental heterogeneity of myocardial contraction was 
noted in all patients at rest. In general, the anterior, lateral 
and anterior septal regions exhibited similar wall thickening 
in contrast to the inferior wall and posterior septum, which 
exhibited a higher percent of systolic wall thickening (Fig. 
3). The same heterogeneity in percent systolic wall thicken-
ing in the five anatomic regions seen at rest was also seen 
during maximal atrial pacing. 
Discussion 
In this study, we have shown that patients with syndrome 
X have normal left ventricular function on exertion and 
during atrial pacing despite the occurrence of concomitant 
anginal pain and ST segment depression. In sharp contrast, 
patients with atherosclerotic coronary artery disease have 
indistinguishable symptoms and ECG changes on exercise 
Figure 3. Percent systolic wall thickening for the five anatomic 
regions at rest and during maximal atrial pacing in 18 patients with 
syndrome X. None of the patients developed regional myocardial 
dysfunction and all had a significant increase in thickness in each of 
the myocardial regions. A = anterior wall; AS = anterior septum; 
I = inferior wall; L = lateral wall; PS = posterior septum. 
1.2 
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r:: 
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.2 
..s::: 0.4 
-(ij 
0.2 3: 
0.0 
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,---, 
PS AS 
rlat rest 
E:i)during 
atrial pacing 
but develop detectable wall motion abnormalities during 
stress (22-24,28). 
Stress echocardiography. The diagnostic accuracy of ex-
ercise echocardiography in the detection of myocardial 
ischemia due to coronary artery disease has been assessed 
by several investigators (22-25,28) and all have described 
high sensitivities and specificities. The ability to obtain 
diagnostic information during or immediately after exercise 
has been greatly enhanced by the use of computer-based 
off-line analysis systems that convert the videotape image 
into a high resolution continuous loop image sequence 
(22-25,27,28). In the present study, we used immediate 
posttreadmill exercise imaging and rapid right atrial pacing 
to ascertain regional and global left ventricular function. 
Treadmill exercise testing provides an excellent hemody-
namic and humoral response to exercise, but postexercise 
echocardiographic imaging may be too late to detect early 
and rapidly resolving ventricular dysfunction. In this study, 
however, echocardiographic images were optained after 
normalization of the ST segment in only two patients (11%), 
whereas in the majority of patients (89%), images were 
acquired during ST segment depression. With rapid right 
atrial pacing, excellent quality images can be obtained at 
peak pacing rate, but the heart may be stressed without 
primary autonomic or humoral alterations (29). In our study, 
however, the patients' symptoms and ECG changes (ST 
segment depression) were reproduced, suggesting that pa-
tients had an adequate stress. 
Thus, these two stress tests may be complementary in 
individual patients. Neither stress echocardiographic test 
was able to detect regional or diffuse wall motion abnormal-
ities on exertion in any ventricular region. Moreover, during 
exercise-induced ischemia in patients with coronary artery 
disease, regional myocardial dysfunction precedes the onset 
of ECG ST segment changes and persists after resolution on 
the ECG (30). It is therefore highly unlikely that we missed 
any significant changes in regional or diffuse left ventricular 
function in these patients. 
Assessment of left ventricular function. Many studies 
(4,6,9,31-35) involving patients with chest pain and normal 
coronary arteriograms have been performed, often with 
conflicting results. The main explanation for this may be that 
these studies have included heterogeneous groups of pa-
tients, including patients with an abnormal ECG at rest and 
systemic hypertension. Some authors (36,37) also included 
patients without a positive exercise test, a strict necessity in 
our view for a diagnosis of syndrome X. Patients in our study 
were carefully selected to ensure that they all had a positive 
exercise test for ischemia, normal findings on coronary 
angiography and effort-related angina. 
Some authors (9,10,38,39) have indicated that patients 
with normal coronary arteries and chest pain show regional 
left ventricular dysfunction or a subnormal increase in 
performance on exercise ventriculograms. These data, how-
ever, are based on radionuclide studies (40,41), often per-
formed with a multigated equilibrium technique in which 
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wall motion is averaged over a 2-min period. Furthermore, 
the resultant ejection phase indexes (such as stroke volume, 
cardiac output and ejection fraction) are highly load- and 
heart rate-dependant. An inappropriate increase in afterload 
can result in preload-afterload mismatch manifested by a 
decrease in stroke volume and ejection fraction without real 
impairment in left ventricular contractility or reserve (42). 
The left ventricular ejection fraction response to dynamic 
exercise has been used as a measure of myocardial func-
tional reserve. Interpretation of these data has been based on 
the assumption that failure to augment ejection fraction 
during exercise is a predictor of ventricular dysfunction and 
diminished contractile reserve. Often, however, an abnor-
mal ejection fraction response to exercise is of limited 
predictive value, only reflecting the inability of the technique 
to distinguish between ejection fraction changes due to 
altered loading conditions and those due to left ventricular 
abnormalities. The much shorter time for data collection 
with echocardiography together with its ability to evaluate 
not only endocardial motion but also wall thickening are 
factors that improve the accuracy of two-dimensional echo-
cardiography. 
The lack of ventricular dysfunction seen during or imedi-
ately after exercise in our study is consistent with previous 
studies (2) showing normal or even hyperdynamic left ven-
tricular contractility in similar patients, despite ischemic 
pain, ST segment depression and sometimes lactate produc-
tion. In well selected patients with syndrome X, Levy et al. 
(43) measured pulmonary end-diastolic pressure as an indi-
rect assessment of left ventricular filling pressure during 
treadmill exercise and showed that despite ST segment 
depression, there was no change in pulmonary diastolic 
pressure. Crake et al. (44) reported that in the majority (80%) 
of patients with syndrome X, coronary sinus oxygen satura-
tion during atrial pacing does not decrease despite symptoms 
and ECG changes. Finally, in another echocardiographic 
study using high dose intravenous dipyridamole infusion, 
Picano et al. (26) failed to demonstrate any ventricular 
dysfunction in a group of patients similar to ours, although 
the sensitivity of the technique used by these authors has 
been questioned (27). 
Systolic wall thickening. Percent systolic wall thickening 
is probably the most precise method of assessing regional 
myocardial ischemia and many animal studies (15,30,45,46) 
have shown a close coupling between the level of ischemia 
and regional myocardial contraction. However, systolic 
myocardial thickening has not been widely measured in 
humans because of the difficulties in clearly defining the 
endocardial and epicardial borders, particularly after dy-
namic exercise. With improved ultrasound cardiac imaging 
and the use of digital imaging, such measurement of systolic 
wall thickening has become easier and sensitive enough to 
depict physiologic base to apex variations in left ventricular 
contraction (47,48). In this study, percent systolic wall 
thickening proved to be a feasible and reliable method for 
assessing ventricular function. 
Although two-dimensional echocardiography is perhaps 
the only currently available clinical tool to assess systolic 
myocardial thickening, it is conceivable that it does not 
detect small localized areas of regional ischemia. The anal-
ysis of regional myocardial function was performed by 
averaging values from circumferential segments located in-
side selected topographic regions. Although this approach 
represents a powerful way of assessing myocardial function, 
it may also "dilute" small localized areas of myocardial 
dysfunction in a given segment. 
Systolic myocardial thickening ceases when ischemia 
involves the inner half of a segment of the left ventricular 
wall (46). However, it is conceivable that myocardial isch-
emia limited to the inner 10% to 20% of the wall could remain 
undetected (45). Similarly, a patchy distribution of myocar-
dial ischemia distal to isolated abnormally constricted small 
blood vessels could also be insufficient to induce detectable 
wall motion abnormalities. In both these thoeretical consid-
erations, the reduction in contraction caused by localized 
ischemia would also be masked by augmentation of contrac-
tile performance in normally perfused areas (49). 
Pathophysiologic considerations. Thus, although there is 
no doubt that some patients do suffer from chest pain, often 
effort-related, and a proportion of these also have ischemic-
like ST segment depression, the significance of these findings 
remains uncertain. Some investigators (50) believe that the 
incidence of an ischemic origin of the pain may be as low as 
1% and propose that the syndrome is caused by focal 
electrolyte imbalance; others (8) showed evidence of an 
abnormal vasodilator response suggestive of a cardiac origin 
of pain in >50% of such patients. This divergence of opinion 
is unlikely to be resolved until the mechanisms underlying 
the cause of pain and ECG changes in these patients are 
better understood. Recently, it was suggested (51) that a 
dynamic constriction of prearteriolar vessels may cause a 
limitation of coronary reserve, anginal pain and possibly 
patchy myocardial ischemia. Prearteriolar constriction may 
be very focal and nonuniform, with only a minority of 
vessels intensely constricted so that the absence of myocar-
dial dysfunction during stress seen in our study could be 
explained. Furthermore, because prearteriolar coronary 
constriction stimulates the local release of adenosine, a focal 
increase of myocardial adenosine concentration could cause 
angina-like pain, even in the absence of detectable signs of 
myocardial ischemia, because adenosine appears to be an 
adequate chemical stimulus for cardiac pain (52). It is also 
possible that ST segment changes and chest pain occurring 
during tachycardia are due to abnormal regional distribution 
of electrolytes, particularly potassium concentration (53-
55). 
Conclusions. In this study, we found that in patients with 
syndrome X, regional myocardial thickening is normal dur-
ing the exercise- and pacing-induced ischemia-like ST seg-
ment depression and angina. Therefore, either ischemia 
caused by inappropriate small vessel constriction is insuffi-
cient to cause detectable impairment of contractile function 
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or nonischemic alterations could be responsible for the 
angina-like pain and ST segment changes observed during 
effort and pacing. 
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